Acne vulgaris is a multifactorial disease affecting a majority of the adolescent population. The objective of this study was to test for a correlation between fasting serum lipid profiles and levels of testosterone, insulin, leptin, and interleukin 1-β (IL-1β) and the incidence of severe acne vulgaris in obese adolescent females. Four groups of adolescent females were studied: obese with acne, obese without acne, non-obese with acne, and non-obese without acne. Obese females with acne, compared to obese females without acne and non-obese subjects, had significantly higher serum triglycerides, low-density lipoprotein cholesterol and apolipoprotein-B (apo-B) (mean ± SD: 197 ± 13.7 vs 171 ± 11.5, 128 ± 8.3 vs 116 ± 7.7, 96 ± 13.7 vs 85 ± 10.3 mg/dL, respectively) but significantly lower high-density lipoprotein cholesterol and apo-A1 levels (40 ± 3.3 vs 33 ± 3.5 and 126 ± 12 vs 147 ± 13 mg/dL). Serum testosterone, insulin and leptin levels were significantly higher in obese subjects with or without acne compared to non-obese females with or without acne (3 ± 0.5 vs 2.1 ± 0.47, 15.5 ± 3.3 vs 11.6 ± 3, 0.9 ± 0.2 vs 0.6 ± 0.15 nmol/ mL, respectively). Serum IL-1β was significantly elevated in obese and non-obese subjects with acne compared to subjects without acne; in those without acne, these levels were higher in obese than non-obese subjects (2.4 ± 0.2, 1.4 ± 0.1 vs 1.8 ± 0.12 and 1.3 ± 0.11 pg/mL, respectively). Our results indicate that there is a relationship between obesity (BMI >27) and acne. By early recognition, the etiology and treatment protocol of acne may prevent unwanted conditions.
Introduction
Adolescence is the transitional stage of physical and mental human development that occurs between childhood and adulthood. This transition involves biological (i.e., pubertal), social and psychological changes, with the biological or physiological ones being the easiest to measure objectively. Historically, puberty has been heavily associated with teenagers and the onset of adolescent development (1) . However, the onset of puberty has been increasing in preadolescence or has extended beyond the teenage years, making adolescence less simple to discern (2) . Adolescence essentially begins when physiologically normal puberty starts and ends when the person develops an adult identity and behavior. This period of development corresponds roughly to the period between the ages of 10 and 19 years. Certainly, some adolescents take a few years longer to develop their adult identity and behavior, sometimes into their early to mid-twenties.
The end of adolescence and the beginning of adulthood vary by country as well as by function, since even within a single country there will be different ages at which an individual is considered mature enough to be entrusted with particular tasks, such as driving a vehicle, having sexual relations, serving in the armed forces, voting, or marrying. Also, adolescence is usually accompanied by an increased independence allowed by the parents or legal guardians and less supervision, contrary to the preadolescence stage (2) .
Acne vulgaris is a common disease that affects the majority of the adolescent population and a large number of young adults (3) . Facial acne is the cause for many visits K.O. Abulnaja www.bjournal.com.br to primary care physicians and dermatologists, which can involve enormous costs (4). Little is known about the natural history of acne, despite its prevalence and its toll in scarring and psychological damage (5) . Acne appears very early in puberty during the preteen years, often before menarche in girls (6) . Because many adolescents have acne, it is difficult to predict which individuals are prone to severe cases. The four primary factors determining its development are abnormal follicular epithelial desquamation, hyperactivity of the sebaceous glands, proliferation of Propionibacterium acnes, and follicular inflammation (7) .
Both clinical observations and experimental evidence confirm the importance of androgens in the pathophysiology of acne. The major androgens that interact with the androgen receptor are testosterone and dihydrotestosterone (8) . An association between diet and acne has long been postulated, but studies that have examined the impact of diet on acne have produced controversial results. Some have indicated that diets high in carbohydrates and fat worsen acne, while others did not detect this relationship (9) . Hyperinsulinemic diets were also thought to be an environmental factor in the development of acne since they influence follicular epithelial growth, keratinization and androgen-mediated sebum secretion (10) .
Some experiments have demonstrated that leptin directly controls the secretory activity of human ovarian cells, with an interrelationship between leptin and insulin growth factor (11) . In light of the variable stress factors affecting the neuroendocrine axis during adolescence that occur in tandem with the modern lifestyle, a specific imbalance of neurotransmitters and hormones develops that could influence a complex sequence of behavioral changes (12) .
Emotions, on the other hand, may combine the psychological and physiological features observed during external environmental challenges and could be co-linked with subcellular elements that are geared toward maintaining a constant internal environment. Thus, the presence of excess adipose tissue, which is maladaptive, could induce lipid peroxidation, which affects the inflammatory processes of innate immunity that are part of the response to acne vulgaris pathogenesis (13) .
The present study was designed to evaluate the relationship of the lipid profile, endocrine levels (testosterone, leptin and insulin) and the immunoinflammatory response (interleukin 1-β, IL-1β) to the incidence of acne vulgaris in obese and non-obese Saudi adolescent females.
Material and Methods
The medical records of King Abdul Aziz University Hospital Medical Center were reviewed to identify all female patients who had been submitted to an initial "hirsutism panel". This panel included tests ordered for female adolescents with a clinical suspicion of hyperandrogenism based on the presence of one or more of the following symptoms: irregular periods, hirsutism, acne, and obesity. Subjects were included in the study if they attended at least one visit and had at least one abnormal parameter in the hirsutism panel tests. Gynecologic services were provided by a faculty obstetrician-gynecologist and by three pediatric and adolescent gynecology fellows. Primary clinicians of the Teen Health Center (adolescent medicine specialists and nurse practitioners) also provided gynecologic services. All subjects were outpatients of the Dermatology Unit of the University Hospital. The study protocol was approved by the local Ethics Committee and a written informed consent was obtained from each subject.
The study was conducted on a total of 60 adolescent females aged 16 to 22 years divided into four groups of 15 subjects each: obese with severe acne, obese without acne, non-obese with acne, and non-obese without acne. The period of study was from February to May 2007. They attended the dermatology units for skin and face care and hair removal techniques, including plucking, use of depilatories, shaving, bleaching, laser hair removal, and electrolysis.
Subjects with up to 10 lesions were defined as having mild acne, cases with 11 to 25 lesions were defined as having moderate acne, and subjects with more than 25 lesions were defined as having severe acne. This classification was in accordance with the International Consensus Conference on Acne Classification System. Obesity was defined as a body mass index (BMI) >27 kg/m 2 (12) and waist-to-hip ratio >0.8 (14, 15) .
Clinical examination showed that they were non-diabetic and free from any neuroendocrine disorders, with no history of hypertension, liver, kidney or heart disease, and that they were not under any treatment for acne to avoid the effect of other endocrine disturbance.
Expert opinions vary as to the necessary criteria for the diagnosis of polycystic ovary syndrome (PCOS). Hyperandrogenism should be considered in female adolescents if irregular bleeding is accompanied by findings on physical examination such as hirsutism, moderate-severe acne, obesity, or acanthosis nigricans. Early identification and treatment can potentially alter a young woman's future health risks.
Fasting blood samples (10 mL) were taken from all subjects for serum separation and for the following analyses: lipoprotein profile involving total cholesterol, low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) assessed by the method of Wilson and Spiger (16) ; triglycerides, according to Fossati Hormonal milieu, including insulin (19) , testosterone (20, 21) and leptin (22) , was assessed by radioimmunoassay using a commercial kit from Diagnostic Products Corporation, USA. IL-1β was determined by ELISA (23) .
Statistical analysis
Data are reported as means ± SD. Statistical comparisons were made using the Student t-test and the nonparametric chi-square and Kruskal-Wallis tests. A P value of less than 0.05 was accepted as significant. The Pearson product-moment correlation coefficient was also used for analysis (SPSS version 7).
Results
The sociodemographic data of the subjects, presented in Table 1 , show that the ages of the adolescent females selected for this study were not different among groups. BMI of the obese females with or without acne was significantly higher than non-obese patients with or without acne (P < 0.05), as expected. Table 1 also shows that obese females with acne had significantly higher serum levels of triglycerides, LDL-C and apo-B (P < 0.05 for each) and significantly lower (P < 0.05) HDL-C and apo-A1 levels compared to obese females without acne. Obese females with acne also had significantly higher levels of triglycerides and LDL-C and significantly lower apo-A1 levels (P < 0.01) than nonobese females with acne. Apo-B levels did not differ significantly between obese and non-obese patients with acne.
Hormonal differences are also presented in Table 1 . The levels of serum testosterone, insulin, leptin, and IL-1β (P < 0.05, P < 0.01, P < 0.05, and P < 0.05) in obese subjects with acne were significantly higher than obese subjects without acne. The levels of testosterone, insulin and leptin in the obese subjects with or without acne was significantly higher than the non-obese subjects with or without acne (P < 0.05, P < 0.05, and P < 0.001).
There was a positive correlation between testosterone and leptin (r = 0.61) and between testosterone and triglycerides (r = 0.59) in obese females with acne.
Discussion
Acne is a multifactorial disease. The four primary factors determining its development are abnormal follicular epithelial desquamation, hyperactivity of the sebaceous glands, proliferation of Propionibacterium acne, and perifollicular inflammation. Clinically, acne is also a pleomorphic disease, characterized by a mixture of inflammatory and noninflammatory lesions (5) . In the present study, we examined the lipid profiles and the levels of apoproteins, hormones and inflammatory cytokines in relation to obesity in adolescent females with acne.
Adolescents with very irregular cycles, particularly with signs of excess androgen, should be evaluated further with laboratory measurement of androgens. A menstrual calendar is of great value since it may be difficult to obtain a reliable menstrual history from many teens. Of importance is a careful and complete physical examination of these young women (4). It is known that bacterial hydrolases convert some of the triglycerides into free fatty acids on the skin surface (24); however, there is also evidence indicating that sebaceous glands can also synthesize considerable amounts of free fatty acids. A number of studies have confirmed changes in the lipid composition of sebum that are associated with age or with sebaceous gland activity. In addition, the effect of androgens on sebaceous cell proliferation and differentiation is dependent on the origin of the sebaceous glands; for example, facial sebaceous glands are more sensitive to androgens (24) .
Adolescent females with any degree of hyperandrogenism are at risk for other metabolic derangements. In the present study, a significant elevation in the levels of serum TG, LDL-C and HDL-C was observed in obese adolescents with acne compared to without acne.
Based on the present findings in obese acne cases, there appears to be a negative correlation between the assessed alterations in lipid parameters, including increased triglyceride, LDL-C and apo-B and decreased HDL-C and apo-A1 (Table 1 ). This suggests that increased androgen levels lead to stimulation of the production of sebum, and the consequent proliferation of Propionibacterium generates inflammation, as was observed here in obese subjects with acne (25) .
Nagy et al. (26) studied hyperandrogenic women with severe acne to determine the effect of ketoconazole (KTZ), an oral synthetic antifungal imidazole derivative that inhibits gonadal and adrenal steroidogenesis, on lipids, lipoprotein cholesterols, apolipoproteins, endogenous sex steroid hormones, and their interactions. KTZ therapy reduced cholesterol and LDL-C, increased apo-A, decreased apo-B and reduced the ratio of LDL-C to HDL-C compared to the untreated control. The reduction in total cholesterol and LDL-C appears to occur as a result of the increase in estradiol and possibly the decrease in free testosterone.
Hyperandrogenism is a common cause of irregular menses in adolescent females, and affects 5-7% of adult women (26) . Girls and women with PCOS or hyperandrogenism may present a variety of concerns and symptoms, including irregular periods, excess hair growth, acne, and obesity (27) . Hyperandrogenism should be considered in adolescents if irregular bleeding is accompanied by physical examination findings such as hirsutism, moderatesevere acne, obesity, or acanthosis nigricans.
In the present study, the levels of serum testosterone, insulin and leptin levels were significantly higher in obese females with acne compared to non-obese females with acne. Therefore, we suggest that testosterone may play a major role in the pathogenesis of acne. There were demographic differences between the populations of obese and non-obese females with acne. Our results indicated that there is a significant positive correlation between BMI and acne (r = 0.67). This conclusion needs to be verified by additional studies, especially involving obese females with acne (28) .
Androgen-dependent acne in females may result from elevated serum androgen, increased cutaneous utilization of androgen or both. The ability of the pilosebaceous unit to produce sebum in response to androgen appears to be the most common mechanism leading to acne. Our data show that the androgen level in females can be used as a marker for acne. It has already been shown that sebum production is stimulated by androgen and inhibited by estrogen (29) .
The results obtained revealed that obese females with acne showed higher levels of IL-1β compared with obese females without acne. This is in agreement with the known effects of leptin and insulin resistance on the immunologic response to inflammatory mechanisms. The production of IL-1β, which is associated with obesity and acne, is the main function of the sebaceous glands, and the sebocytes within produce and excrete sebum. Increased sebum secretion is associated with the development of acne lesions, since sebum serves as a nutrient source (24) . Other sebaceous gland functions, such as the production of proinflammatory lipids, cytokines, periglandular peptides, and neuropeptides, are also associated with the pathophysiology of acne (30) . Proinflammatory cytokines/chemokines secreted by various cell types play a fundamental role in attracting neutrophils and leukocytes to the place of skin infection. Acne is able to induce the secretion of chemokines in monocytes and keratinocytes (23) .
Our results are consistent with the data of Zouboulis (31), who provided evidence for the involvement of endogenous inflammatory processes in the initiation of acne. In addition, they offered logical support to the current concept of an anti-inflammatory treatment of acne. Therefore, acne vulgaris is a genuine inflammatory disease, and evidence exists to indicate that appropriate anti-inflammatory therapy has the potential to effectively treat this condition. Future compounds targeting acne vulgaris should be able to reduce proinflammatory lipids in sebum, down-regulate proinflammatory signals in the pilosebaceous unit and inhibit leukotrans-induced accumulation of inflammatory cells, as well as significantly reduce sebum production (22) .
The mosaic of events of acne vulgaris appears to be affected by obesity, hormonal and immune-mediated mechanisms that potentiate the inflammatory response. We propose that reducing body weight decreases the facial lipolysis caused by bacteria and potentiates the treatment protocol.
